Introduction
The possibility of providing ultimate logic bit by electronÕs spin rather than or in addition to its charge has claimed exciting new horizons in physics, material science and electronic engineering. For spin-electronics or spintronics purposes, the materials carrying out the mission must be spin polarized, such as magnetic metals with the broken symmetry between spin down and spin up states near the Fermi level (E F ). Historically the spin arrangement has long been investigated within the context of conventional FM and their alloys, while the study of spin generation, relaxation, and spin-orbit coupling in nonmagnetic materials has taken off rather recently with the advent of spintronics and it is here that many novel 2D materials and systems can find their greatest potential in both science and technology.
The earliest studies of 2D magnetic phenomena can be tracked back to discussions of the interfacial magnetism of FM/SC heterojunctions. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In this regard, a large portion of the research work over the last two decades was stimulated by the idea of creating a spin field effect transistor (SFET), [19] in which the transport of the electron spins is confined in a high mobility 2D electron gas (2DEG) channel and can be manipulated by the application of a gate voltage. An ideal spin-injected SC would demonstrate high spin polarization, operate at room temperature (RT) and be both robust and easily fabricated for potential high throughput needs. Various FM/SC heterostructure have been hotly investigated since it was demonstrated that substantial spin accumulation and diffusion occurs at the FM/SC interface. [20] The generation of high-spin-polarization current is essential for the SFET concept and therefore the half metallic materials (such as Heusler alloys, Fe 3 O 4 , and CrO 2 ) have also been integrated into the hybrid systems. [21] [22] [23] Although an all electrical all semiconductor spin field effect transistor has recently been demonstrated, all be it at 300 mK and requiring quantum ballistic point contacts; [24] hybrid systems with ferromagnetic source and sink of spin and an easily gate tuned channel through a high mobility 2D material may offer a route to the spin field effect transistor at room temperature.
Van der Waals materials such as graphene, layered TMDs, copper oxides, and iron pnictides with properties dominated by their 2D structural units have become the new focus of 2D magnetism research for the recent few years. The success of single-layer graphene has shown that it is not only possible to exfoliate stable, single-atom or single-polyhedralthick 2D materials from bulk van der Waals solids, but also that these materials can exhibit fascinating and technologically useful properties. In graphene's band structure, the linear dispersion at the k point gives rise to novel physical phenomena, such as the anomalous quantum Hall effect (AQHE) at room temperature, and has opened up a new category of ÒDiracÓ physics. Stimulated by the rise of graphene, other 2D crystals including layered hexagonal-boron nitride (h-BN) and TMDs were subsequently demonstrated. The more recently discovered TIs, featured with an insulating bulk gap and gapless Dirac-like band dispersion surface states, are new members of the 2D family. Unlike that of graphene, the electron states of TIs surface are strongly spinÐorbit coupled and immune to time-reversalinvariant disorders. Magnetism is not common for the elements consisting Van der Waals 2D materials; however, spin polarization in these materials can still be induced by defects, edge states, magnetic dopants and/or via the proximity to an adjunct magnetic source etc..
Compared to FM, they generally have less robust magnetism, but significantly longer spin lifetime or spin coherence length, which are eagerly desired in spintronics. Furthermore, their capacity of integration with FM offers a promising direction toward the development of hybrid devices that can perform logic, communications, and storage within the same material technology.
In the reminder of this article, a selection of magnetic 2D systems will be introduced, following their historical path of emergence. This includes FM and DMS in their thin film form, magnetic TIs, magnetic graphene and magnetic TMDs, as illustrated in Figure 1 . The very recent advances of the study of these materials will be reviewed. This article does in no way try to give a complete overview of the emerging 2D systems, as many of them are still under fast developing till this day; neither is it intended to give deep theoretical descriptions of why the many fascinating phenomena occur in them. The purpose of this article is, instead, to present some of the most important findings of these material systems and to highlight a few hotly debated topics of the contemporary magnetic 2D systems research. 
Ferromagnetic Metal Thin Films
As the simplest form of magnetic 2D system, transition metal thin films and their alloys have been most thoroughly exploited in the history, as they are relatively easy to grow epitaxially on III-V semiconductors (SCs) such as GaAs, InAs and InGaAs etc.. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In a FM/SC heterojunction, the best opportunity for spin transport could only be achieved in the absence of a magnetic dead layer at the interface. The atomic-scale interfacial magnetization of the FM/SC is, in turn, closely linked with two general questions, namely (i) how the magnetic ordering changes with reduced dimensionality and (ii) how the magnetic ordering changes due to electronic bonding at the interface with the SC substrate. Mangan et al. [2] observed the coexistence of bcc and hcp phases. Idzerda et al. [3] confirmed the bcc structure of Co on GaAs(110) using extended x-ray absorption fine structure and theory suggests that bcc Co is not a metastable phase but a forced structure originating from imperfections. [4, 5] Calculations suggest bulk bcc Co can have a magnetic moment as large as 1.7 µ B /atom. [6] The tendency to form into bcc stacking, which doesnÕt exist in nature, has also been found in epitaxial Ni thin films on GaAs. This was firstly demonstrated by Tang et al. [7] as early as 1986 by growing Ni on GaAs(001) at RT and the presence of bcc phase was observed up to 2.5 nm. This study was late on reproduced by X.
M. Jiang et al., [8] enhancement of the magnetic moment compared to the film deposited on bare GaAs (110) substrate. [3] Characterized by x-ray photoelectron spectroscopy (XPS), the presence of the As peak in the 6-nm Ni film reveals the occurrence of As diffusion into the Ni layer destroying the magnetic properties of the fcc Ni film and leading to a 20% reduction of the magnetization compared to the bulk value. [11] In the study of the evolution of interface properties of the electrodeposited Ni film upon annealing, a significant increase of As outdiffusion has been observed for annealing temperatures up to 623 K accompanying a rise in the Schottky barrier height, which has been attributed to the Ni-Ga-As compound formation. [12] The third reason is the reduced thickness. It is well known that FM materials follow the so-called island growth geometry at low coverage. In other words, FM atoms at low thicknesses, typically less than a few MLs, may be too diffused for them to intensively interact with one another. For example, many researchers have reported on high quality epitaxial growth of Fe on GaAs, among which there exist the long lasting debate over the presence of magnetic dead layer at the Fe/GaAs interface. [13] This detrimental effect used to be attributed to the formation of antiferromagnetic Fe 2 As [14] and half-magnetized Fe 3 Ga 2x As x in the vicinity of the interface, until Xu et al. [15] demonstrated the evolution of the magnetic phase of Fe/GaAs corresponding to the growth morphology. This result was further confirmed with unambiguous x-ray magnetic circularly dichroism (XMCD) measurement of the Fe/GaAs(100) interface. [16] Direct experimental demonstration of the magnetic state of epitaxial FM/SC interface down to the atomic scale remains a nontrivial task, even up to this day, partially due to the inaccessibility of the buried layer (referred to as FM 2 hereafter) between the upper layers (referred to as FM 1 hereafter) and the substrate. One classical method of resolving this problem is to engineer the FM 1 /FM 2 /SC superstructure, as shown in Figure   2 . [16] [17] [18] Here, the FM 2 layers, usually with one monolayer thickness, are epitaxially deposited on the SC and then capped with a thick layer of FM 1 (≠ FM 2 ), which serves as the stabilizing layer. 
Diluted Magnetic Semiconductor Thin Films
One of the most useful aspects of SCs resides in their capacity to be doped with impurities, by which the electrical properties of the SC can be tuned. This approach has been developed to introduce magnetic ions into non-magnetic SCs to make them magnetic, known as DMSs. [26] The concept behind it is that to transfer spin between similar materials would be a simpler task than over a metal-SC interface due to the retained control over band-gap engineering. The long established presence of spin filtering effects in these SCs [27] and more recently observed properties for spontaneous [28, 29] or field controlled [30, 31] magnetic ordering add to their viability in this field. The early experimental efforts on the demonstration of DMSs started from II-VI (such as CdTe and ZnSe) in which the transition metal ions (such as Mn) are easy to be doped to high concentrations. [32] The fabrication of IIIÐV DMSs, on the other hand, was limited mostly to (In,Mn)As, [28] (Ga,Mn)Sb, [33] and (Ga,As)Mn, [29, 34, 35] in which demonstrably carrier-mediated ferromagnetism already persists.
While DMSs may offer opportunities of easy integration with conventional SCbased devices, it is however a great challenge to improve the quality of DMS and in particular to enhance their magnetism. [35] [36] [37] [38] [39] [40] [41] [42] [43] With the thickness down to nanometer scale, these issues become even more sophisticated. For example, (Ga,As)Mn is a technological important material due to its potential use in short-range optical communications, however, whose highest T c up to now is no more than 200 K even after combining efforts of heavy Mn doping, nano-patterning, optimizing the growth conditions, and post-growth annealing. [34, 35, 37, 44] RT ferromagnetism has been predicted and demonstrated in magnetic oxide SCs such as Co-and Mn-doped ZnO, though debates exist on whether the ferromagnetism obtained in DMS oxides is intrinsic or not. [38, 39] In a magnetic bilayer system, the exchange coupling from a ferromagnetic layer can induce a spin polarization in the nonmagnetic layer or enhance the T C in the other magnetic layer with low ordering temperatures through the proximity effect. By such approach, substantial increase of T C from 40 to 70 K due to the presence of a few monolayers of Fe atop (Ga,Mn)As was obtained by Song et al. in a lateral spin injection device. [40] The magnetic proximity effect persists to room temperature at Fe/(Ga,Mn)As interfaces was reported by Maccherozzi et al., [41, 42] who observed a significant induced magnetic order in the (Ga,Mn)As layer that extends over more than 2 nm, as shown in 
Magnetic Topological Insulators
As a class of matter with newly discovered eccentric electronic phase, the spin-orbit induced TIs have a rather short history but fast growing family. [45] [46] [47] The other routine of making TIs magnetic is to engineer layered heterostructures, where the SS of TIs experience the exchange interaction from an adjacent ferro-or ferrimagnetic material. This route subsequently can be divided into two ways in terms of ferroor FM and ferro-or ferri-magnetic insulator (FMI) induction. Pioneering theoretical work [78] [79] [80] Figure 5 . However, in the presence of a metallic layer, the nontrivial surface states of the TI can be significantly altered due to their hybridization with the bulk states of the (anti-) FM in contact. Besides, the metallic layer naturally short circuits the TI layer and therefore fundamentally restrict the device design. Using high-T c ferrimagnetic insulator, [88] Liu et al. [89] demonstrated the magnetic proximity effect of Bi 2-
x Cr x Se 3 /Y 3 Fe 5 O 12 and obtained a large (6.6 nm at 30 K) but fast decreasing penetration depth compared to that of ordinary DMSs. This could indicate a novel mechanism for the interaction between the ferromagnetic insulator and the nontrivial TIs surface and has strong implications for the TI-based dissipationless electronic devices, as it no longer limits the ÒproximityÓ to short range. 
Magnetic Graphene and Transition Metal Dichalcogenides
Since its successful synthesis by mechanical exfoliation from graphite in 2004, graphene has attracted enormous attention in the community of physics, chemistry and materials science. [90] As a prototypical two-dimensional quantum system, graphene displays a combination of exceptional properties including large charge carrier mobility, high thermal conductivity, strong mechanical strength, excellent optical characteristics, electrically tuneable band gap, as well as the recently discovered long spin coherence length. [91] [92] [93] The revolutionary nature of graphene makes it a prime candidate to become a key Engineering FM/graphene heterojunction is one of the most promising avenues to realise efficient spin injection into graphene and this was first achieved by Ohishi et al. Figure 7 , reported by Zhang et al. [115] with the assistance of a graphene buffer layer on sapphire. Unlike the theoretical studies which have focused on doping of freestanding 2D materials, these authors show that the capacity of the incorporation of magnetic dopants in TMD is highly dependent on the choice of the substrate. which are expected to free the proximity effect from short-range limit. Future work to explore the tuning of the magnetization of TIs and its dependence on the band filling will be of both great fundamental interest and practical merits.
2D materials like graphene and TMDs carry the desired long spin lifetime as well as the outstanding mechanical and optical properties that FM, DMSs and TIs donÕt have. It is rather unconventional to seek for magnetism from these Van der Waals materials, which were believed nonmagnetic. Nevertheless research into magnetic graphene and magnetic TMDs has rapidly taken off, though their magnetic signatures are so far fragile and limited to cryogenic temperatures. This is because the origin of spin polarization of these materials are usually defects, vacancies, edge states, impurities and/or via the proximity to an adjunct magnetic source etc.. Direct magnetic doping to high concentration and forming long-range magnetic ordering persisting up to RT are still major obstacles for magnetic graphene and TMDs. Investigations into the interplay between imbalanced spin states and the Dirac-like band dispersions will lead to find experimental approaches to enhance the magnetism in 2D materials and can give rise to novel physical phenomena such as AQHE at RT.
